Introduction
In the traditional five mode of transportation, pipeline transportation has a unique advantage. It has large capacity, less land occupation, short construction period, low cost and less energy consumption. After many years of oil and gas pipeline operation, there will inevitably be various defects, such as corrosion layer damage, metal corrosion, external force damage and so on.
In 1990s, the Russian scholar Doubov took the lead in putting forward a new nondestructive testing technology, metal magnetic memory detection technology, called magnetic memory testing. As shown in Figure 1 , the basic principle of the Metal Magnetic Memory Testing technology can be expressed as: For the effect of the load, the domain organization orientation will cause magnetostriction properties and irreversible reorientation in the Ferromagnetic components working in a geomagnetic field. The maximum leakage magnetic field is formed in the stress and deformation zone. The tangential component of the magnetic field in the stress concentration area ( ) P H x has the maximum value, while the sign of the normal component ( ) P H y changes and has zero-crossing position. The irreversible change of the magnetic state remains after the elimination of the working load. By the testing of the magnetic flux leakage field's normal component ) ( y H P and the calculation of gradient, the stress concentration position of the component can be exactly deduced [1, 2, 3] .thus, the defects such as the micro crack developed from the stress concentration can be detected. A large number of research experiments show that if only through the above rules to determine the stress concentration of ferromagnetic components, there will be omission and error. Wavelet analysis is a new method developed in the last ten or twenty years. The wavelet has good time-frequency locality and can overcome the deficiency of Fourier transform well, so it has been widely used.
Reassigned Wavelet Scalogram
For all the ( ) t
, the inverse continuous wavelet transform of ( ) x t can be expressed as follows. 2 ,
The equation (1) shows that the wavelet transform does not lose any information, and the transformation is consistent with the conservation of energy, so equation (2) is correct. (4).
The reassigned wavelet scalogram overcomes the aggregation contradiction of the time frequency distribution to a great extent, and improves the readability of the time frequency distribution of the signal. The detailed reasoning process can be found in the literature [4] .
Experiment
A pipeline with a length of 1000mm was detected by MFL-4032 magnetic memory detector. There are 8 cracks in the pipeline, which are located at L1=100mm, L2=200mm, L3=300mm, L4=400mm, L5=500mm, L6=600mm, L7=700mm, L8=800mm. The detected signal is preprocessed to get the magnetic memory signal curve, as shown by Figure 2 , and its gradient curve, as shown by Figure 3 . In Figure 2 , according to the current judging criterion, in the stress concentration area, the component of magnetic memory signal ) ( y H P cross zero point, and the sign is changed, and there is a gradient maximum at that point. In L1 '=100mm, L2' =200mm, L3 '=300mm, L4' =390mm, L5 '=500mm, L6' =600mm, L7 '=731mm, L8' =800mm, the magnetic memory signal curve cross the zero point, and its numerical change sign. In this position, the gradient is maximum, therefore, it can be determined that in this position, there is a stress concentration or defect in the pipeline, while it is not true in fact. It is obvious that the criteria for determining the magnetic memory test result in omissions and errors. This is because, in fact, the normal component of a magnetic memory signal is not a sufficient and necessary condition for the existence of a stress concentration or a defect. Therefore, The Judgment Criteria of Magnetic Memory Testing need to be improved. 
Wavelet Scalogram of Magnetic Memory Testing Signal
The wavelet scalogram of the above magnetic memory detection signals is shown by Figure 4 . From Figure 4 , it can be concluded that there are 8 defects in the pipeline, which are distributed in 80~110mm, 170~220mm, 270~310mm, 330~390mm, 480~510mm, 570~615mm, 700~740mm and 760~830mm respectively. This shows that it is feasible to use the wavelet scalogram to determine the defect of the pipe. But at the same time, it can be seen that the precision position of the defect cannot be determined because of the low concentration of the wavelet scalogram in time domain and the interference factors. Therefore, in order to improve the time and frequency concentration of the wavelet scalogram, it is necessary to rearrange the wavelet scalogram. Figure 5 is the result of the wavelet scalogram shown by Figure 4 after the rearrangement based on the Morlet wavelet. As can be seen from Figure 5 , the time domain (i.e., space) and frequency domain concentration of the scale spectrum have been obviously improved. In addition, the interference factors have also been well weakened. It can be clearly seen that there are 8 defects in the pipeline, which are distributed in 100mm, 200mm, 300mm, 400mm, 500mm, 600mm, 700mm, 800mm.
Summary
Aiming at the deficiency of using Metal Magnetic Memory Testing to recognize pipeline defect, the reassigned wavelet scalogram analysis method is put forward to analysis the Metal Magnetic Memory Testing signal in this paper. The experimental results show that the method has high accuracy and reliability, and can be used as a supplementary criterion for the existing criteria.
